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. Awareness of the composition of the ash provides valuable information for 111 workers' occupational risk assessments. In addition, the composition of the ash might also indicate 112 its potential to dissolve into the sweat and gastric fluids of workers, causing dermal and oral 113 exposure to heavy metals (Pöykiö et al. 2012) . Earlier studies have found maintenance workers' 114 potential inhalation exposure to be very high. During ash removal or maintenance tasks in 115 biomass-and recycled fuel-fired power plants, the average air concentrations of Mn, Al, As 116 and Pb have been found to be over or very close to occupational exposure limit values (OEL) 117 (Jumpponen et al. 2014) . Reported health effects after simultaneous exposure to multiple metals 118 have varied from irritation of the upper respiratory tract to damage to the central nervous system, 119 resulting in mutagenic effects (Shukla and Singhal 1984 , Mani et al. 2007 , Celic et al. 2007 , Garcon 120 et al. 2007 , Halatek et al. 2009 , Walton 2011 . In addition, ash loaders might be exposed to 121 respirable crystalline silica originating from soil contaminated stumps and from the sand of 122 fluidized bed boilers. Exposure to respirable crystalline silica can cause silicosis. Silicosis is 123 normally associated with long-term exposure, but symptoms of acute silicosis may also develop 124 shortly after exposure to high concentrations. Silicotic workers may be at a higher risk of lung 125 cancer than workers who do not have silicosis (Kreiss and Zhen 1996, Miller et al. 1998, 
particles (Zaebst 1991 , Gao et al. 2016 , Gao et al. 2017a , Gao et al. 2017b ). IARC has classified 135 diesel engine exhausts as carcinogenic to humans (Group 1) on the basis of sufficient evidence that 136 exposure is associated with an increased risk of lung cancer (IARC 2012) . Exposure to diesel 137 exhausts can also cause inflammation of the lungs, which may aggravate chronic respiratory 138 symptoms and increase the frequency and intensity of asthma attacks. Nitrogen oxides on the other 139 hand can damage lung tissue, lower the body's resistance to respiratory infection and worsen 140 chronic lung diseases such as asthma (Sydbom et al. 2001) . As in the case of crystalline silica, high 141 short-term exposures to diesel exhausts also seem to induce more alterations in lung tissues than 142 low long-term exposures (Kobayashi et al. 1997 , Nikasinovic et al. 2004 , Ghio et al. 2012 .
143
This study evaluated ash loaders' rarely studied possible inhalation peak exposures to the chemical 144 components of ash and diesel exhausts in open and closed ash loading stations at biomass-fired 145 power plants. By combining several chemical and morphological analyses of the ashes, we 146 determined the major chemical compounds and trace metals in the ashes, and evaluated their 147 potential to expose workers through the inhalation system. Ashes' potential to dissolve into the 148 saliva or gastric fluids and thus cause exposure through the dermal and oral exposure routes were 149 also discussed. The final goal of the study was to find the best practices for reducing workers' 150 exposure in ash loading stations. The material samples were sieved for the analyses, to remove particles larger than the respirable 170 fraction (<10 µm), in order to reflect better health effects of ashes during inhalation. Bottom ash 171 (BA) samples were first sieved with a 4 mm sieve to remove the biggest particles. Sample (BA) A 172 was not analysed, because it consisted entirely of the large particle size class. All fly ash (FA) and 173 bottom ash samples were then sieved using a 45 µm sieve (Retsch AS200 sieving machine with 174 metal wire sieves) and further with a 10 µm sieve (HK Technologies Ultrasonic sieving machine 175 with stainless steel/nickel wire sieves). The minimum requirement for a compound to be assigned into the category of possible compounds 185 was that its constituent elements were observed in the ICP-MS/IC analyses, and that the reference 186 diffractogram did not contradict the measured data. In addition, for a compound to be considered 187 probable, at least one of the main peaks of the reference had to have a corresponding distinct peak 188 in the XRD data that could not be explained by the main compounds. Finally, to be considered a 189 main compound, the main peaks of the reference had to be coincident with some of the main peaks 190 of the measured data. 191 We used a scanning electron microscope (SEM Zeiss Sigma HDVP), operated at 3-10 kV with an 192 energy dispersive microscope (EDS Thermo Noran, 60 mm 2 ) to study the morphology and chemical with NaOH and Na 2 CO 3 in an ultrasonic treatment. The studied heavy metals were the same as 205 those mentioned in the directive on industrial emissions 2010/75/EU. In addition to these, Zn was 206 included in the analysis, due to its known toxic effects (Uski et al. 2015) . 
219
We recorded the measured data on data loggers, and the recorded values represented the average 220 values of sampling intervals from 10 seconds to 1 minute. The gas monitor sensors for CO, NO and 221 NO 2 were calibrated using calibrating gases (AGA) with known concentrations. (Table 1) . All these three compounds were also found particles lasted 75 minutes after the ash loading process ended, and only then did these dust 305 concentrations achieve the level of 10% of the OEL 8h value (Fig. 4 A) . Similar concentrations have 306 been found in ash removal and maintenance work tasks, in which the median concentration of 307 inhalable dust has been 33 mg/m 3 and 120 mg/m 3 (Jumpponen et. al., 2014) . Wojtczak et al. (1989) 
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13 also found that the mean concentrations of respirable dust exceeded their hygienic standard value in 309 64% of all measured thermoelectric power stations.
310
The measured concentrations were lower in the open ash loading station. The highest short-term 311 level was over 1.7 times higher than the OEL 8h value for inorganic dust (Fig. 4 B) , when loaded 312 onto the flatbed of the truck. In the open ash loading station, wind effect seemed to reduce inhalable 313 dust concentrations. Occupational problems seemed to be more evident in the closed ash loading 314 stations, and due to this, we decided to focus our detailed studies on these stations. ). The highest short-term concentrations of As (Fig. 5D ), Co (Fig. 5C ), Pb (Fig. 5C ), Zn (Fig.   322 5B) and Cd (Fig. 5D) were 68%, 30%, 7.8%, 3.9%, and 1.5% of their OEL 8h values, respectively, 323 during the loading of ash. In other studies of maintenance and ash removal workers, the most 9:31 9:36 9:40 9:45 9:50 9:54 9:59
